To control the coronavirus disease 2019 (COVID-19) outbreak, China adopted stringent traffic restrictions and self-quarantine measures, first in Wuhan and neighboring cities beginning Jan 23, 2020, and then 2 days later in all provinces in China ([figure](#fig1){ref-type="fig"} ). The countrywide ban on traffic mobility greatly reduced transportation emissions, whereas emissions from residential heating and industry remained steady or slightly declined.[@bib1] In this Comment, we examine the change in air pollution and the potentially avoided cause-specific mortality during this large-scale quarantine.FigureAir pollution levels and avoided cause-specific deaths during the COVID-19 outbreak in China(A) The coronavirus disease 2019 (COVID-19) epidemic curve and quarantine timeline in Wuhan, Hubei province (outside of Wuhan), and China (outside of Hubei) from Jan 5 to March 14, 2020. New confirmed cases of COVID-19 were reported by the National Health Commission of China. (B) Daily nitrogen dioxide and PM2·5 concentrations from 20 days before the Chinese New Year and 50 days after the Chinese New Year in 2020 (blue line) and 2016--2019 (grey line). (C) The mean nitrogen dioxide tropospheric column density before and during the quarantine period in 2020. (D) The reduction in cause-specific deaths in China due to a decrease in air pollution during quarantine.

As of March 14, 2020, new confirmed cases of COVID-19 in China reported by the National Health Commission decreased to 20 (four cases from Wuhan) ([figure](#fig1){ref-type="fig"}). By this time, most Chinese provinces had lowered the level of emergency responses. We thus defined the quarantine period as Feb 10 to March 14 and the period before quarantine as Jan 5 to Jan 20. Based on evidence from previous years, we excluded the Chinese New Year holidays to avoid reductions in air pollution that were unrelated to the quarantine ([figure](#fig1){ref-type="fig"}). We obtained daily concentrations of nitrogen dioxide (NO~2~) and PM~2·5~ in 367 Chinese cities from Jan 1, 2016, to March 14, 2020. We focused on NO~2~ and PM~2·5~ because both are traffic-related air pollutants whose emissions were substantially reduced as a result of the traffic bans and home quarantine, and both had well established concentration-response functions (CRFs) from one of the largest epidemiological studies in China on short-term mortality effects.[@bib2], [@bib3] A difference-in-difference approach was then applied to quantify air pollution changes due to the quarantine. Specifically, we calculated changes in air quality during the quarantine versus before the quarantine period in 2020 and compared these findings with corresponding changes in the same lunar calendar periods from 2016 to 2019. This approach, which can also be interpreted as comparing changes in air quality in 2020 versus 2016--2019 during the quarantine period with those changes in the before quarantine period, also controlled for the long-term declining trend in air pollution because of China\'s clean air policy in the past few years.[@bib4] To validate the air quality changes, we used satellite images from the Tropospheric Monitoring Instrument, which is onboard the Sentinel-5 Precursor satellite, to derive the mean NO~2~ tropospheric column density for periods during and before quarantine.

We then calculated the avoided mortality attributable to decreases in daily NO~2~ and PM~2·5~ over China on the basis of short-term CRFs from a previous study of 272 Chinese cities ([appendix p 2](#sec1){ref-type="sec"}), and the cause-specific mortality data from the China Health and Family Planning Statistical Yearbook 2018.[@bib2], [@bib3] In addition to total non-accidental and cardiovascular mortality, the cause-specific mortality for hypertensive disease, coronary heart disease, stroke, and chronic obstructive pulmonary disease (COPD) was also calculated. The attributable fraction (AF) method was used to estimate the daily avoided cause-specific mortality from the air pollution reduction.[@bib5] AF is defined as follows:

$$\text{AF} = 1 - \text{e}^{- \beta\Delta\text{c}}$$

β is the cause-specific coefficient of the CRF and Δ*c* is the air pollution changes due to the quarantine. AF is then multiplied by the daily cause-specific number of deaths and the total number of days during the quarantine period (34 days) to estimate the cause-specific avoided deaths.

We found that, because of the quarantine, NO~2~ dropped by 22·8 μg/m^3^ in Wuhan and 12·9 μg/m^3^ in China. PM~2·5~ dropped by 1·4 μg/m^3^ in Wuhan but decreased by 18·9 μg/m^3^ across 367 cities ([appendix p 3](#sec1){ref-type="sec"}). The smaller reduction in PM~2·5~ in Wuhan is due to a similar decreasing trend in PM~2·5~ in 2016--2019. The pronounced decline in NO~2~ across China during the quarantine period was also detected by the Copernicus Sentinel-5P satellite with the NO~2~ tropospheric column density ([figure](#fig1){ref-type="fig"}).

We estimate that improved air quality during the quarantine period avoided a total of 8911 NO~2~-related deaths (95% CI 6950--10 866), 65% of which were from cardiovascular diseases (hypertensive disease, coronary heart disease, and stroke) and COPD ([figure](#fig1){ref-type="fig"}, [appendix p 4](#sec1){ref-type="sec"}). Furthermore, we estimate that reduction in PM~2·5~ during the quarantine period avoided a total of 3214 PM~2·5~-related deaths (95% CI 2340--4087) in China, 73% of which were from cardiovascular diseases and COPD. Similar estimates were found with an alternative before quarantine period from Jan 1 to Jan 20 ([appendix p 3--4](#sec1){ref-type="sec"}).

Our estimates should be interpreted with caution because of the potential overlap between PM~2·5~ and NO~2~-related mortality and the effect on mortality rate from disrupted health-care systems during the quarantine, which could have impacted the timely treatment of patients with chronic diseases. We used cause-specific CRFs from single-pollutant models because coefficients from two-pollutant models were not available.[@bib2] Although there might have been some risk of double counting, results from published literature suggest that this risk is small because effect estimates for NO~2~ and PM~2·5~ were similar between single-pollutant and two-pollutant models.[@bib3], [@bib6] Moreover, similar to previous epidemiological studies with outdoor air pollution,[@bib7] exposure measurement error is inevitable since most people stayed indoors.

Our estimates suggest that interventions to contain the COVID-19 outbreak led to improvements in air quality that brought health benefits in non-COVID-19 deaths, which could potentially have outnumbered the confirmed deaths attributable to COVID-19 in China (4633 deaths as of May 4, 2020).[@bib8] Our findings show the substantial human health benefits related to cardiovascular disease morbidity and mortality that can be achieved when aggressive control measures for air pollution are taken to reduce emissions from vehicles, such as through climate mitigation-related traffic restrictions or efforts to accelerate the transition to electric vehicles.
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